ACCORDING TO the Centers for Disease Control and Prevention (CDC), Ͼ10% of US adults have chronic kidney disease (CKD), and one in two adults in the 30 -64 age group is expected to develop CKD. Yet, development of new therapeutics for treating CKD is sorely lacking, and the disease management in patients primarily relies on the use of antihypertensives and immunomodulators. Glomerular injury and dysfunction are the primary drivers of CKD in patients, including in steroid-resistant nephrotic syndrome (SRNS) that often manifests as focal segmental glomerulosclerosis (FSGS). Yet, there are currently no therapeutics that directly and specifically target the kidney glomerulus.
Podocytes are key cells that form the filtration barrier in the glomerulus, and healthy podocytes are essential for normal kidney function. Podocytes have a large cell body with major cytoskeleton-linked cellular processes, known as foot processes (FPs), that maintain cell shape and function (1, 2) . FP effacement is an early finding in glomerular diseases, is common in many patients carrying genetic abnormalities, and results in increased podocyte damage and loss, ultimately leading to glomerulosclerosis and proteinuria (6) . FP effacement is a result of increased podocyte FP dynamics measured in vitro by cell motility and recognized as early event in the induction of nephrotic syndrome originally described by Reiser et al. in 2004 (5) . Thus agents that directly target podocytes, protect them from FP effacement and injury, and reduce their rate of migration have the potential to be developed into novel, kidney-targeted therapeutics for CKD (4) . Yet, efforts for the rational development of podocyte directed therapeutics have been lacking due to lack of quantitative screening assays for drug discovery and development. Conceptually, podocyte-targeting assays in a high-throughput, drug discovery environment can take three different routes (Fig. 1) . Cells in multiwell plates are subjected to high content imaging-based assays to quantify changes in key cellular phenotypes, such as cell shape and the organization of its cytoskeleton, as a read-out, as recently described (3) . Such an approach identifies agents that affect static cells, but does not provide information on whether key cellular functions, such as motility, will be affected. Another potential approach is to utilize whole organisms, such as zebrafish in a primary screening environment, where validation of direct targeting of podocytes has to be done in subsequent assays.
In Test hits in multiple formats Fig. 1 . A schematic showing potential drug discovery strategies for identification of novel agents as future therapeutics for chronic kidney disease (CKD). There are 3 assay strategies for an initial (primary) screen. They all involve targeting 1 of the 3 key characteristics: cell shape, motility, and in vivo functionality. A podocyte cell-based phenotypic assay can be used to identify compounds that protect overall cellular cytoskeleton and morphology. A zebrafish-based assay can be used to screen compounds that would protect filtration barrier and kidney function. A 3rd type of assay, as described in the report by Tan et al. (5a) , can be used to identify compounds that reduce injury-dependent increase in podocyte motility. Subsequently, the identified hits from each of the 3 types of campaigns could be validated in the other type of assay to select hits that affect these key podocyte qualities before testing in rodent experimental models. Selected compounds can then go through a few rounds of optimization, including target identification, mechanistic studies, and medicinal chemistry-based approaches, before entering a hit-to-lead program and be nominated as a therapeutic lead.
assay and provides hits that can subsequently be tested in additional phenotypic and in vivo assays for a fuller characterization. In this article, Tan et al. (5a) convincingly show that their new assay system, where they computationally track closure of scratch wounds in monolayers of human podocytes in multiwell plates, can be used in a screening environment, by screen a collection of 725 small molecules to identify, and subsequently validate, 12 compounds that reduced podocyte migration. Not surprisingly, a majority of the hits are known to affect microtubule assembly or block topoisomerases, thus affecting cell migration. By targeting key structural elements of a cell, these compounds likely also help maintain podocyte cellular architecture and shape. Thus the results from this study and previous body of literature suggests that, while there are multiple pathways available for targeting by small molecules in podocytes, maintenance of cell shape and decreasing cell motility are two master phenotypes for development of therapeutically relevant agents. Given these recent developments, we can conclude that podocytes are druggable cells and promising targets for small molecule therapeutic in the fight against kidney disease.
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